Summary -A new genus and species of anguinid nematode, Zeatylenchus pittosporum gen. n., sp. n., was recovered from leaves of Pittosporum tenuifolium from Hahei, Coromandel Region, North Island, New Zealand. The genus is characterised by having slender males and females, excretory pore opening near the lips and level with the knobs of the retracted stylet, pharynx with a weak nonmuscular median bulb, pharyngeal glands overlapping the intestine, females with a single gonad with a quadricolumella and post-uterine sac; and males with slender arcuate spicules and the bursa arising <1 anal body diam. anterior to the cloacal aperture and extending ca 30% of distance to the tail tip. Its feeding does not induce galls, only foliar chlorosis. The species has particular characters, including a short, robust stylet with conus forming ca 40% of stylet length and small rounded compact knobs, and tail offset dorsally with a pointed tip. Molecular phylogeny of near full length small subunit, D2/D3 expansion segments of the large subunit and internal transcribed spacer rRNA genes support the description of Zeatylenchus pittosporum gen. n., sp. n. as a new genus and species.
The Anguinidae has been the subject of extensive study and revision over several decades (Brzeski, 1981; Chizhov & Subbotin, 1985 Siddiqi, 1985 Siddiqi, , 2000 Fortuner & Maggenti, 1987; Southey et al., 1990; Subbotin et al., 2004; Bert et al., 2008) . However, more sampling and further study is needed to understand the phylogeny of the Anguininae. Siddiqi (2000) recognised 11 genera in the Anguinidae and Zhao et al. (2011) recently added Litylenchus Zhao, Davies, Alexander & Riley, 2011 . Hodda (2011 stated that the family currently consists of 14 genera and 187 species, but did not list the genera. This further illustrates the uncertainty surrounding taxonomy of the family. The phylogenetic trees generated from ribosomal ITS sequences by Subbotin et al. (2004) indicated that the genus Anguina Scopoli, 1777 was monophyletic, but both Mesoanguina Subbotin, 1985 and Heteroanguina Chizhov, 1980 were not. Heteroanguina was * Corresponding author, e-mail: zhaoz@landcareresearch.co.nz inferred to be polyphyletic with three distinct lineages, and Mesoanguina was paraphyletic with lineages reflecting morphological characters and host range. Brzeski (1991) transferred 17 species to Subanguina Paramonov, 1967, but this was not supported (Subbotin et al., 2004) . Subbotin et al. (2005) suggested that a speciation process can be discerned within the Ditylenchus dispsaci species complex. Thus, the molecular phylogeny indicates that there is considerable morphological convergence and that taxonomic revision of the anguinids is required. Despite this, new species and even genera of anguinid nematodes continue to be discovered, and records and descriptions of these should not be delayed indefinitely for a revision to be carried out.
Species from most genera of Anguinidae induce galls on aerial parts of plants. In general, molecularly grouped anguinid species have related hosts and gall morphol-ogy (Subbotin et al., 2004) . The anguinid host range includes both grasses and broad-leaved plants, with many gall-formers having a narrow host range or even a single known host species. A few species of Subanguina Paramonov, 1967 are known to parasitise and induce galls in plant roots (Krall, 1991; Das & Bajaj, 2004) . Ditylenchus includes both plant parasitic and fungal-feeding nematodes, none of which are known to induce galls. Similarly, feeding by Litylenchus does not induce galls.
Here, Zeatylenchus pittosporum gen. n., sp. n. is described from the leaves of Pittosporum tenuifolium Gaertn., from Hahei, on the North Island of New Zealand. There are no previous reports of anguinids as parasites of plants in the Pittosporaceae. Pittosporum Banks ex Sol. is thought to be of Gondwanan origin, and contains about 200 species across Asia, Australia, New Zealand, the Pacific Islands and South Africa (Poole & Lane, 1990) . Pittosporum tenuifolium is widely grown as an ornamental plant in subtropical areas, has become naturalised in the United Kingdom, and is a declared environmental weed in south-eastern Australia (Global Compendium of Weeds, 2012).
Materials and methods

NEMATODE MATERIAL
Nematodes from plant leaf samples (P. tenuifolium) were extracted using the Whitehead & Hemming (1965) tray method. The nematodes were concentrated and then transferred to a glass block for examination using a dissecting microscope at 8-35× magnification (Leica EZ4, Germany).
For morphological study, some nematodes were mounted in water and examined immediately. Others were killed and fixed using hot, 3% formaldehyde and left to harden for at least 2 weeks. All nematodes were processed in glycerin and mounted on glass slides as described by Southey (1986) and modified by Davies & Giblin-Davis (2004) .
Drawings were made using an interference contrast microscope with a camera lucida (Nikon, Eclipse 90i). Measurements were made from material mounted in glycerin using NIS-Elements Basic Research (Nikon, Version 3.0). Head diam. was measured at the mid-point of the offset head. Maximum body diameter (MBD) was measured at mid-body. Vulval, anal and cloacal body diameters (VBD, ABD and CBD, respectively) were also noted. Body length and spicule length were measured along the curved mid-line. A camera (Nikon Camera Head DS-Fi1) attached to the microscope was used to take a series of digital images of the specimens.
MOLECULAR MATERIAL
Individual live nematodes were lysed in a buffer (20 μl) containing proteinase K (Williams et al., 1992) and stored at −80°C at least 30 min before total genomic DNA was extracted by the method of Zheng et al. (2002) with minor modifications. Extracted DNA was stored at −4°C until used as template for PCR amplification. Primers for the rDNA small subunit (SSU) were those of Holterman et al. (2006) : first SSU fragment forward primer 1096F, 5 -GGTAATTCTGGAGCTAATAC-3 and reverse primer 1912R, 5 -TTTACGGTCAGAACTAGGG-3 and the second fragment forward primer 1813F, 5 -CTGCGTGAGA GGTGAAAT-3 and reverse 2646R, 5 -GCTACCTTGTT ACGACTTTT-3 , respectively. Primers for the rDNA internal transcribed spacer (ITS) were those of Marek et al. (2005) : forward, 5 -TTGATTAGGTCCCTGCCCTTT-3 , and reverse, 5 -TTTCACTCGCCGTTACTAAGG-3 . Primers for the rDNA D2/D3 expansion segments of the large subunit (LSU) were those of Nunn (1992) : forward primer D2A, 5 -ACAAGTACCGTGAGGGAAAGT-3 , and reverse primer D3B, 5 -TGCGAAGGAACCAGCTA CTA-3 . The 20 μl PCR reactions contained 10 μl Go Tag ® Green Master Mix (Promega), 1 μl (0.05 μM) each of forward and reverse primer and 2 μl of DNA template. The thermal cycling programme was as follows: denaturation at 95°C for 3 min, followed by 30 cycles of denaturation at 94°C for 30 s, annealing at 55°C for 30 s and extension at 72°C for 45 s. A final extension was performed at 72°C for 10 min. PCR products were purified by Wizard ® SV Gel and PCR Clean-Up System (Promega). Purified PCR products were sequenced using Big Dye TM Terminator Cycle Sequencing Ready reaction Mix v3.1 Kit (Applied Biosystems). Cycle sequencing products were cleaned by 96-well plate ethanol precipitation and analysed on an ABI 3100 Avant Genetic Analyser (Applied Biosystems). The quality of each sequence was confirmed by inspection of sequence trace files. The sequences were deposited in GenBank with accession numbers JQ586255, JQ586256 and JQ586257 for SSU, LSU and ITS sequences, respectively.
DNA sequence alignment and phylogenetic inference
Ninety-one (26 each for SSU and LSU; 39 for ITS) sequences from 29 different anguinid nematodes from GenBank were included in our phylogenetic analysis.
The GenBank accession numbers and species (if known) are listed for each taxon in the phylogenetic trees. DNA sequences were aligned in ClustalX2 (Larkin et al., 2007) applying default parameter values. ModelTest 3.04 (Posada & Crandall, 1998) and PAUP*4.0b10 (Swofford, 2002) were used to select the best AIC model. A Bayesian tree was obtained with MrBayes 3.1.2 (Ronquist & Huelsenbeck, 2003) . Four MCMC chains were run for 10 6 generations under the best-fit model (GTR + I + ) for SSU, and (GTR + G) for ITS and LSU. Prior distributions were as follows: revmatpr = dirichlet (1, 2, 1, 1, 2, 1), shapepr = exponential (5), brlenspr = unconstrained: exponential (10). Analysis was started from a random topology and with temperature of 0.2, burnin of 10% of trees and thinning interval of 100. The perimeter files from multiple runs were inspected for chain convergence in Tracer 1.5 (Rambaut & Drummond, 2007) . The trees were rooted using Radopholus similis (Cobb, 1893) Thorne, 1949 .
Results
Zeatylenchus
* gen. n. (Figs 1-4) 
DIAGNOSIS
Anguinidae. Adults and juveniles collected from within leaves, not forming galls. Slender cylindrical nematodes, barely curved around ventral axis. Lacking sexual dimorphism in head, pharyngeal and tail characters. Cuticle with fine annulation, head offset, narrower than body. Stylet short, 7-10 μm long, with small rounded compact knobs. Pharynx with non-muscular fusiform median bulb, a small valve or thickening of lumen wall is present. Pharyngeal glands comprise two parts: a large anterior bulb abutting or barely overlapping intestine dorsally, and a second bulb, variable in structure, containing ventral and subventral glands and overlapping intestine. Secretory/excretory pore opening at level of stylet knobs (stylet retracted). Female with monoprodelphic gonad with quadricolumella (16 cells) and post-uterine sac. Male with slender arcuate spicules and simple gubernaculum. Bursa arising <1 cloacal body diam. anterior to cloacal aperture, extending ca 30% distance to tail tip. * The generic epithet is derived from New Zealand, the islands where the nematode was collected, combined with tylenchus.
Tail medium, conoid, tip clearly offset dorsally, with short pointed tip.
TYPE AND ONLY SPECIES
Zeatylenchus pittosporum gen. n., sp. n.
RELATIONSHIPS
Zeatylenchus gen. n. is morphologically characterised by having slender males and females, but the latter apparently develop into semi-obese females. The head is offset and is narrower than the following body (particularly in females with well developed reproductive systems). There is a cylindrical procorpus, non-muscular median bulb and pharyngeal glands comprising two parts, the second of which overlaps the intestine, and a small but robust stylet. The secretory/excretory pore opens anterior to the median bulb. The tip of the conoid tail is offset dorsally with a spicate tip. The female has a quadricolumella and a postuterine sac. The male has arcuate spicules and a simple gubernaculum and bursa arising <1 cloacal body diam. anterior to the cloacal aperture and extending to ca 30% of the distance to the tail tip. Its status as a new genus is supported by molecular phylogenetic analyses (Figs 5-7). All stages are found within leaves of P. tenuifolium, i.e., it feeds above ground but does not induce galls.
The Anguinidae has been widely studied and revised (Brzeski, 1981; Chizhov & Subbotin, 1985 Siddiqi, 1985 Siddiqi, , 2000 Fortuner & Maggenti, 1987; Southey et al., 1990; Subbotin et al., 2004; Bert et al., 2008) , but recent molecular studies demonstrate the need for reconsideration of the family's taxonomy (Subbotin et al., 2004; Bert et al., 2008; ). This paper does not consider the merits of the various revisions and the status of the various genera proposed, synonymised and/or reinstated. For convenience, the classification and key in the most recent revision (Siddiqi, 2000) are used. The molecular data, morphology and feeding habits of Zeatylenchus gen. n. (see below) indicate that it differs from all currently described anguinid genera. Rather than place this nematode in Ditylenchus Filipjev, 1936 (the genus having the most similar molecular data) or Indoditylenchus Sinha, Choudhury & Baqri, 1985 (the morphologically closest genus, but for which no molecular data is available), which would require redefinition of the morphological criteria of those genera, we propose a new genus to include its particular set of characters which currently do not match any existing genus. Further taxonomic and molecular work on the family Anguinidae will be needed to determine if this placement is appropriate. Erecting a new genus is considered the less problematic option as it removes the need to redefine either of the established genera Ditylenchus or Indoditylenchus.
On the basis of its morphology, Zeatylenchus gen. n. is placed in the Anguinata, as described by Siddiqi (2000) . There is no sexual dimorphism of the head region. Its cuticle appears smooth. The pharyngeal glands are enlarged and enclosed in two terminal bulbs; there is no stem-like extension at the base of the bulb. The spicules are slightly anteriorly expanded as stipulated by Siddiqi, and there is a simple gubernaculum. Rounded, amoeboid sperm are stored in a spermatheca. The stylet (7-10 μm) is shorter than the 15 μm typical for the taxon.
Because Zeatylenchus gen. n. has a conoid rather than a cylindroid tail, does not have the bursa enveloping the tail, and biologically is a plant parasite rather than an insect associate, we place it in the Anguinidae rather than the Sychnotylenchidae (Siddiqi, 2000) . In general, the nematode fits Siddiqi's (2000) diagnosis of the Anguinidae, i.e., slender, cylindrical nematodes, barely curved around the ventral axis, lacking sexual dimorphism in head, pharyngeal and tail characters, cuticle with fine annulations, offset head, secretory/excretory pore opening anterior to median bulb, short stylet 7-10 μm long with small compact rounded knobs, pharynx with non-muscular median bulb with a small valve. Female with monoprodelphic gonad and post-uterine sac. Male with slender arcuate spicules; a simple gubernaculum, and bursa arising <1 ABD anterior to the cloacal aperture, not enveloping tail tip. However, in having complex pharyngeal glands, comprising two parts, it does not fit the diagnosis.
Being terrestrial, we place Zeatylenchus gen. n. in the Anguininae. However, for Zeatylenchus gen. n., Siddiqi's (2000) key to the genera of Anguininae breaks down at couplet 4. While Zeatylenchus gen. n. has a long dorsal pharyngeal gland, which abuts or barely overlaps the intestine, the ventral and subventral glands overlap the intestine, and it is not clear if the anterior part of the intestine has a lumen.
Zeatylenchus gen. n. differs from Anguina, Litylenchus, Diptenchus Khan, Chawla & Seshadri, 1969 , Nothanguina Whitehead, 1959 , Nothotylenchus Thorne, 1941 , Orrina Brzeski, 1981 , Pseudhalenchus Tarjan, 1958 , Pterotylenchus Siddiqi & Lenne, 1984 , Safianema Siddiqi, 1980 , and Subanguina in having the excretory pore opening at the level of the knobs of the retracted stylet, anterior to the median bulb and in having three vs four, five or six incisures in the lateral fields. It also differs from Pseudhalenchus, Ficotylus Davies, Ye, Giblin-Davis & Thomas, 2009, Indoditylenchus and Safianema in form of the terminal bulb. In addition, Diptenchus lacks a post-uterine sac and Pterotylenchus has cuticular vulval flaps, separating them from all other Anguininae genera. Zeatylenchus gen. n. differs from Anguina, Nothanguina, Orrina, Pterotylenchus and Subanguina in that its feeding does not induce plant galls and, unlike Safianema, it does not appear to feed on fungi (having been collected from leaves with no apparent hyphae).
From the morphological analyses, Zeatylenchus gen. n. is closest to Indoditylenchus (from the description given by Sinha et al. (1985) and Sinha et al. (1989) ). Both genera have the excretory pore opening anterior to the median bulb, a non-muscular median bulb, females that are not spiral, lack a rachis but have a distinct post-uterine sac, and males with spicules of similar shape and a simple fixed gubernaculum and adanal bursa. However, the two genera have morphological differences. Zeatylenchus gen. n. differs from Indoditylenchus in size (males 508-659 vs 670-780 μm long), and in that its head is offset vs not offset, it has three vs four lateral lines, its excretory pore opens at the level of the retracted stylet knobs vs 5-7 head diam. anterior to the bulb, the pharyngeal glands are in two (not one) bulbs, the spermatheca is rounded rather than elongate-axial, the spicule is smaller (9-14 vs 18-22 μm long), and the tail is conoid and dorsally offset with a spicate tip rather than elongate and slender. The lack of sequence data for Indoditylenchus precludes its phylogenetic comparison with Zeatylenchus gen. n. In addition, Indoditylenchus was collected from detritus-rich soil containing mangrove litter around roots of Avicennia officinalis (Sinha et al., 1989) , i.e., it could have emerged from fallen leaves. Thus, its feeding habits are unclear and cannot be compared with those of Zeatylenchus gen. n.
Zeatylenchus gen. n. differs from Anguina and Nothanguina in lacking obese females with a spiral form. In addition, both latter genera have females with a crustaformeria with many cells rather than a quadricolumella.
Zeatylenchus gen. n. and Ditylenchus have similar feeding habits and do not induce galls, apart from one exception from India (Das & Bajaj, 2004) . They are morphologically similar in not being spiral, having simple arcuate spicules, the vulva in the form of a transverse slit, a post-uterine sac and a quadricolumella. However, the stylet of Zeatylenchus gen. n. is more robust and the stylet knobs are rounded and more compact, the pharyngeal glands have a different structure, and the tail is conoid with spicate, dorsally offset tip rather than elongate conoid to filiform. Differentiation of the two genera is supported by phylogenetic analyses based on sequencing of SSU, ITS and LSU (Figs 5-7) .
Zeatylenchus gen. n. is similar to Nothotylenchus Thorne, 1941 in that both have a similar body size and shape, small stylet, similar pharynx structure (non-muscular median bulb), a post-uterine sac and a quadricolumella.
They differ in that Nothotylenchus does not have a valve in the median bulb, the pharyngeal glands differ in structure (one vs two bulbs), males have the bursa usually extending to mid-tail, and tail shape (conoid vs elongate conoid). In addition, analyses of SSU sequences confirm that they are not close. From the Bayesian analyses, Zeatylenchus gen. n. is not close to any genus for which sequences are available in the Anguininae. Zeatylenchus gen. n. clustered with Deladenus siricidicola in the tree derived from ITS sequences (Fig. 6) , with maximal support. However, it was unplaced in the tree derived from SSU (Fig. 5 ) and in that derived from D2/D3 (Fig. 7) Zeatylenchus pittosporum * gen. n., sp. n. (Figs 1-4) MEASUREMENTS See Table 1 .
DESCRIPTION
Female
Body almost straight when heat-relaxed, with slight curvature in tail region around either dorsal or ventral axis, slender to semi-obese. Max. diam. at mid-body. Diam. of females with well developed reproductive systems greater than in those with less developed systems (a = 39 vs 59, respectively). Cuticle finely annulated, apparently smooth. Head offset from body, low, smooth, not annulated; diam. ca 40% of body diam. at level of stylet knobs in slender females and ca 47% in semi-obese females. Cephalic framework weakly sclerotised. Labial disc not seen, amphidial apertures not seen. Stylet robust, conus comprising ca 40% of stylet length, diam. narrowing sharply to be distinctly less than that of shaft, lumen not visible, three small, rounded knobs, each slightly higher than wide, compact. Orifice of dorsal gland located 2-3 μm posterior to stylet knobs. Secretory/excretory pore located ca one BD from anterior, opening near level of retracted stylet knobs, duct with obvious cuticular lining. Hemizonid ca two MBD posterior to median bulb, with small hemizonion another BD posterior to it. Procorpus cylindroid, ca three MBD long, non-muscular metacorpus ca one MBD long, narrowing gradually to isthmus, with either a small valve or thickening of cuticular lining of lumen, possibly not functioning during feeding, isthmus slender, cylindroid, ca four MBD long. Pharyngeal glands in two parts: dorsal gland in an anterior pyriform terminal bulb ca two MBD long with a variable shape, may abut or slightly overlap intestine on dorsal side, and may be flat as it abuts intestine or with distinct indentation, and a second smaller bulb with ventral and subventral glands overlapping intestine. Intestinal lumen narrow or not apparent in * Species epithet named for the plant Pittosporum from which the nematode was collected. Pittosporum is used here as a noun in apposition. first half, then broadening. Nerve ring situated 65-70 μm from anterior extremity, posterior to metacorpus. Deirids and phasmids not seen. Lumen of anterior part of intestine obscure, may not be present. Reproductive system monodelphic, prodelphic, outstretched, with a quadricolumella. Oocytes arranged in single file. Rounded, offset spermatheca. Vulva located 12-14 ABD anterior to anus in immature female. Vulval lips flat, no lateral flaps, vulval slit occupying less than half VBD when viewed ventrally, vagina perpendicular to body wall. Post-uterine sac present, extending 9-16% of distance from vulva to anus, ca two ABD long, lacking cellular relicts of posterior ovary. Rectum a simple tube, anus pore-like. Tail conoid, straight, 3-4 ABD long, tip arcuate, offset on dorsal side, spicate.
Male
Body cylindrical, tapering at head end and narrowing to a conoid tail with spicate tip dorsally offset. Body straight when heat-relaxed, slender; tail barely arcuate around ventral axis. Max. diam. at mid-body. Cuticle apparently smooth. Lateral field with three incisures at midbody. Head offset, cephalic framework and stylet as for female. Nerve ring located 60-70 μm from anterior extremity, surrounding isthmus just posterior to median bulb. Secretory/excretory pore located at level of retracted stylet knobs, anterior to median bulb, duct with obvious cuticular lining. Hemizonid, hemizonion, pharynx, pharyngeal glands as for female except that base of anterior bulb is flat as it abuts intestine. Deirids and phasmids not seen. Testis outstretched, reaching to within three MBD of nerve ring, developing spermatocytes in single file, sperm amoeboid, rounded, ca 2 μm in diam. Spicules paired, separate, arcuate, 2.0-2.5 μm wide at anterior end, gradually narrowing towards tip, manubrium slightly offset and wider than shaft, pore terminal, dorsal and ventral limbs of same length. Gubernaculum simple, arcuate, fixed, 4 μm long. Tail conoid, 3-4 CBD long, offset on dorsal side, tip spicate. Bursa membranous, adanal, arising less than one CBD anterior to cloacal aperture, extending one CBD or ca one third of distance to tail tip.
TYPE HOST AND LOCALITY
Leaves of Pittosporum tenuifolium from Hahei, Coromandel Region, North Island of New Zealand (36°84 05 S; 175°80 64 E), collected by Brian Evanson on 18 October, 2010. Holotype (slide no. NNCNZ 275) and paratypes (slide nos NNCNZ 3003-3021 with 31 males and 56 females) deposited at the National Nematode Collection, New Zealand (NNCNZ). One paratype male and one paratype female deposited in the ANIC (Australian National Insect Collection), CSIRO Entomology, Canberra, ACT, Australia.
DIAGNOSIS
Zeatylenchus pittosporum gen. n., sp. n. is morphologically characterised by having slender males and females with head offset and distinctly narrower than body diam. in some specimens, a small stylet, pharynx with a small non-muscular median bulb and glands in two parts with ventral and subventral glands overlapping the intestine, secretory/excretory pore opening at level of the retracted stylet knobs, anterior to the median bulb, females with a quadricolumella and post-uterine sac, males with arcuate spicules and an adanal bursa that extends to 30% of distance to the tail tip, and a conoid tail that is dorsally off-set with a spicate tip. Its status as a new species is confirmed by molecular phylogenetic analyses (Figs 5-7) . It has both males and females free-living in leaves of P. tenuifolium and its feeding does not induce galls.
BIOLOGICAL CHARACTERISTICS AND DISTRIBUTION
Infested leaves were examined using a dissecting microscope. Nematodes were present in the mesophyll. Symptoms of infestation were non-specific, brown or yellow chlorotic spots on leaves. No cavities, swellings or abnormal growths were apparent, and there was no development of nutritive tissue, i.e., Z. pittosporum gen. n., sp. n. does not appear to be a gall-former. No fungal hyphae were observed in the leaves and the robust form of the stylet is consistent with it being a plant feeder. While Z. pittosporum gen. n., sp. n. has only been collected from P. tenuifolium, it is possible that it also occurs in other species of Pittosporum. Nematodes were not found in soil collected from under infested P. tenuifolium bushes. Eggs and juveniles were found in leaf tissue, indicating that the life cycle is completed within the leaves. The nematodes may not have a survival stage in soil, and could move from leaf to leaf in films of water with dew or after rain. This nematode is probably endemic to New Zealand as it was collected from P. tenuifolium, an endemic New Zealand plant.
Discussion
Phylogenetic analyses of SSU, ITS and D2/D3 sequences from Z. pittosporum gen. n., sp. n. (Figs 5-7) confirm that it is an anguinid nematode, but that it cannot be placed in any existing genus within the anguinids. Anguinid taxonomy and molecular phylogenetic hypotheses were discussed in Zhao et al. (2011) . Since then, there has been no further work published on the relationships of the anguinids. The results reported in Zhao et al. (2011) are generally supported by the molecular trees shown here, despite the use of additional sequences. From our work, Ditylenchus appears to be polyphyletic. While the separation of Ditylenchus was not well supported with SSU, distinctly separate clusters were consistent for each of the three different sequences analysed here (Figs 5-7) . Paraphyly of the genus was also indicated by the analyses of Bert et al. (2008) , Holterman et al. (2009) and . In the analysis of Subbotin et al. (2004) , Ditylenchus was represented only by sequences from D. dipsaci, which may represent a rapidly evolving species complex (Subbotin et al., 2005) . The species of Ditylenchus having the most similar molecular sequences to those of Zeatylenchus n. gen. in our trees include both a fungal feeding and a plant-parasitic form.
The possible evolution of the anguinids continues to be controversial. Anguinid ancestors may have begun to colonise plants via the root system (Paramonov, 1970) in which case S. radicicola (which galls roots) is a relict form. Alternatively, anguinid ancestors may have attacked plant stems, in which case S. radicicola is a secondary specialised form (Chizhov & Subbotin, 1990) . Siddiqi (2000) suggested that fungal feeding is an ancestral trait in Anguinata and that plant parasitism in it evolved from feeding on above-ground plant parts and not on roots. As fungal feeders, he thought they shared a common ancestor with the Hexatylina. While the Anguinata are not known to parasitise invertebrates, he argued that morphologically they are close to the fungal-feeding generation of Deladenus. In the large phylogenetic analysis of , Deladenus was not embedded in the Anguinidae, but in the analysis of Bert et al. (2008) and Holterman et al. (2009) Holterman et al. (2009) , whose analysis included four species of Ditylenchus, Pseudhalenchus, Subanguina, Anguina, Halenchus and an unidentified marine tylenchid. However, in both analyses the species sequenced appeared to group in the same clades. Again, a small number of sequences from anguinids was included in the analysis of . Their phylogenetic tree, based on 1200 full-length SSU sequences, indicated only 63% support for Anguinidae as a monophyletic family, but this did not include N. acris which grouped in a separate clade with Deladenus. As in the analysis of Bert et al. (2008) and Holterman et al. (2009) and the trees shown here (Figs 5-7) , the species included appeared to group in the same clades. The grouping of N. acris with Deladenus was maximally supported and part of a poorly supported (56%) clade comprising insect parasitic tylenchids ), but the clade was quite distant from Anguinidae. Our three analyses included sequences from Deladenus. With SSU sequences, our phylogenetic tree agrees with that of , in that Deladenus and N. acris cluster together. In our tree based on D2/D3 sequences, Deladenus clustered with Z. pittosporum sp. n., with maximal support, but the position of the group within the tree was unresolved.
Both the occurrence of obese females and feeding habits appear to be important characters to be considered in anguinid taxonomy (Subbotin et al., 2006; Bert et al., 2008 ; and the molecular results reported here). Chizhov & Subbotin (1990) and Siddiqi (2000) were convinced of the importance of life history traits to separate anguinid groups, and rejected the arguments of Fortuner & Maggenti (1987) who thought them unimportant. Chizhov & Subbotin (1990) argued that the infective stage and the plant-host spectrum should be used to separate anguinid genera. There seems to be an evolutionary trend from abnormal swellings and growth in the plant hosts toward small localised galls with differentiated gall tissues (Chizhov & Subbotin, 1990; Subbotin et al., 2006) , with the evolutionary line being Ditylenchus-SubanguinaAnguina. Ditylenchus spp. have the widest host range, feeding on more than 400 known plant species (Krall, 1991) , and also on fungi, and were considered the nearest to the ancestral anguinids. It is also possible that there is an evolutionary trend from infestation of vegetative towards reproductive tissues (Subbotin et al., 2006) . Zeatylenchus pittosporum gen. n., sp. n. does not induce galls and appears to have primitive feeding habits similar to those of Ditylenchus. These hypotheses on evolution of the anguinids, from life history traits, however, are not congruent with the molecular phylogenetic hypotheses (Subbotin et al., 2006; Bert et al., 2008; this study) , and suggest that the anguinids are an adaptable group. Subbotin et al. (2005) produced evidence that the D. dipsaci species group is rapidly evolving, confirming that at least some anguinid species are able to adapt quickly to changing conditions.
There is general agreement (Brzeski, 1981; Siddiqi, 2000; Bert et al., 2008) that, in anguinid females, the species least adapted to plant parasitism have the crustaformeria in the form of a quadricolumella. Evolution towards specific plant parasitism (gall formation) in anguinids is paralleled by an increase in the number of cells in the crustaformeria. Given that Z. pittosporum gen. n., sp. n. has a quadricolumella, lacks a rachis (i.e., produces relatively few eggs) and does not induce galls, it is apparently more primitive than Anguina and Subanguina, and is not highly derived among Anguinata.
Based on their phylogenetic analysis, Subbotin et al. (2004) argued that Anguina is monophyletic, but Mesoanguina and Heteroanguina (i.e., Subanguina) are not. Their study indicated that Heteroanguina is a heterogenetic group of unrelated species with plesiomorphic state characters and that the species of Mesoanguina studied formed two distinct groups corresponding to particular morphologies and host ranges. Similar groupings of Heteroanguina and Mesoanguina were inferred from our ITS phylogenetic tree (Fig. 6) . From molecular sequences, the position of Z. pittosporum gen. n., sp. n. with respect to other anguinid genera is not resolved. With ITS, however, it did cluster with Deladenus.
Future phylogenetic analyses to help resolve anguinid relationships should include sequences of many more taxa, as there appear to be many convergent behavioural and morphological characters. The anguinids may be para-or even polyphyletic, suggested by the lack of congruence between morphological and molecular data. This lack of congruence could mean that the structure of the female gonoduct and potential fecundity of the nematodes is more plastic than has been recognised previously. This could reflect evolution associated with particular ecological niches, and may suggest that the anguinids, like Ditylenchus (Subbotin et al., 2005) , are capable of rapid genetic change.
